United States Patent and Trademark Ofhce 



UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 

Address: COMMISSIONER FOR PATENTS 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 
www.uspto.gov 



APPLICATION NO. 


FILING DATE 


FIRST NAMED IXA'EXTOR 


ATTORNEY DOCKET NO. 


CONFIRMATION NO. 


10/710,838 


08/05/2004 


SOLOMON ZAROMB 


4837 



7590 

SOLOMON ZAROMB 

9S 706 WILLIAM DR 
BURR ridge, IL 60527 



04/28/2010 



EXAMINER 



RAMDHANIE, BOBBY 



PAPER NUMBER 



1797 



MAIL DATE 



04/28/2010 



DELIVERY MODE 



PAPER 



Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 



PTOL-90A (Rev. 04/07) 



Notice of Allowability 


Application No. 
10/710,838 


Applicant(s) 

ZAROMB ET AL. 


Examiner 

BOBBY RAIVIDHANIE 


Art Unit 

1797 





~ The MAILING DATE of this communication appears on the cover sheet with the correspondence address— 
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1 308. 

1 . ^ This communication is responsive to the Notice of Allowance Mailed on 03/24/2010. . 

2. ^ The allowed claim(s) is/are 1-20 . 

3. □ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)n All b)nSome* c) □ None of the: 

1. n Certified copies of the priority documents have been received. 

2. □ Certified copies of the priority documents have been received in Application No. . 

3. □ Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 
* Certified copies not received: . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

4. □ A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 

INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient. 

5. □ CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) O including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached 

1) □ hereto or 2) □ to Paper No./Mail Date . 

(b) O including changes required by the attached Examiner's Amendment / Comment or in the Office action of 

Paper No./Mail Date . 

Identifying Indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of 
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

6. □ DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 

attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 



Attachment(s) 

1 . □ Notice of References Cited (PTO-892) 

2. □ Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. □ Information Disclosure Statements (PTO/SB/08), 

Paper No./Mail Date 

4. O Examiner's Comment Regarding Requirement for Deposit 

of Biological Material 



5. □ Notice of Informal Patent Application 

6. □ Interview Summary (PTO-413), 

Paper No./Mail Date . 

7. S Examiner's Amendment/Comment 

8. □ Examiner's Statement of Reasons for Allowance 

9. □ Other . 



U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-06) 



Notice of Allowability 



Part of Paper No./Mail Date 20100421 



Application/Control Number: 1 0/71 0,838 Page 2 

Art Unit: 1797 

DETAILED ACTION 
Supplemental Notice of Allowance to the 
Notice of Allowance mailed on 03/24/2010 
EXAMINER'S AMENDMENT 

An examiner's amendment to tine record appears below. Sliould tine clianges and/or 
additions be unacceptable to applicant, an amendment may be filed as provided by 37 
CFR 1.312. To ensure consideration of such an amendment, it MUST be submitted no 
later than the payment of the issue fee. 

The application has been amended as follows: 

Please replace the Specification with the following: 



Application/Control Number: 10/710,838 
Art Unit: 1797 



Pages 



Oi ; l iLj l itU ¥li Jul 1 1 1 . 1. 1"" 

Description 

AEROSOL COLLECTION APPARATUS AND 

METHODS 

Cross Referenioe to Related Appucations 

ioooi] 

Tbis is a oottttttHcaaoft - m - pagt nesB OToviatDaai ap^^kigitttft <jf jjwviaKHid tHMkattoB number 
60/481J filed Asgjjst 6, 3063, vMeh is wMed to my Fmnt VSm. 5,328,85 i, iS,097,iS3. snd 
€^65,«I t and to i«s (SHJatKiing US, is|3|$Uosti<Mis JSisriai Nos. 00/377.966 [Sled ftl/25/I995| mi 
09/6MJ44 Iitie(*07/»7/2000Ji»wl^ttsmNomt>ere6,7fi2,()«0Bl and 6,S42,057Bf. Tfcc3^5s©P 
^MosMasiLaf aJi of sajd ai^icistions and pstcnts arc tnooiporated hcxmt. by refereups," 



Background of Ihventic^ 

[0002] xhis indention relates to improved apparatus and mfithods 
for detecting harmfyl substances,; wJiether airborne or 
grounded, whether biological or chemfcal, which may 
pose m Immediate or long term hazard to human life or 
health. 
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[00031 "looO ' g ' jT he afore-cited patents and co-pending applica- 
tions, disclose apparatus and methods for collecting vari- 
ous contaminants — Including vapors and particies, 
chemical or biological from a large volume of air into a 
smaii volume of carrier liquid, so as to permit or facilitate 
rapid and ultra-sensitive detection of traces of hazardous 
or tHIcit substances which may be otherwise difficult to 
detect. The collected contaminants may be either dis- 
solved by or suspended In the carrier liquid. 

[0004] [oooDjT he earliest apparatus of this type was intended 
mainly for the absorption of vapors by the carrier liquid 
and was therefore referred to as liquid-absorption air 
sampler. With subsequent use of the same apparatus for 
the collection of respirable particles, the term "absorp- 
tion" became Inappropriate, as the collected particles may 
remain suspended in the carrier liquid without being dis- 
solved therein. Such apparatus and methods will therefore 
be referred to herein as "HTI-AAS" for /ilgh- Throughput 
/Jqufd-Assisted ^ir sampling, which applies to collected 
air contaminants which are either dissolved or suspended 
in a carrier liquid. 

10005] |[0004] A good measure of the performance of HTLAAS de- 
vices Is the concentration factor F, which is proportional 
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10 the ratio of the concentrations 'm the liciold carrier and 
in air of the monitored air cotitammant:, hereinafter re- 
ferred to as "analyte"The conGentration factor F Is de^ 
fin^d by the eqwation F ^ €S/v^|13» where e is the sam- 
pler's collection efficiency, S is Its air sampiing rats, and 
is ihe volume of liquid In which the analyte fs coHeeted, 
The conceritratfOfi factor F can thtis Ije enhanced by In- 
cf easing e and /or S or by decreasing v . 

L 

[0006| Th» fwied fox ftlBciifflt asj^sol co»ec)s*ts has hwn ip^ a4«««<le ijOth 

tolsSE»,s sjsed is«v'mj««g?j^^ wijfs immffli(sssssy,fes&<;d j^ai strips, the sssayi^ ssJfesJsiv* 



««jfese *B««fiE> aMtam^ to Im & mail vc^ame (a ^ js^jytej fcr aaaj^m 
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FipL:\AS i»at«»}»w6d to its pssfflted aatqij* Jlav>- p^nem m wfoch ia« vSxacttoB ofae air 
PFJ tectnoiogj- for t<sm>vxt*s *«t»8 pattfctas iftom B [ses, AteSiSJ. R ; 
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10008] " ■ {006 ' tf' ' l Accordmg to the latter references, wet £P can 
achieve collection efficiencies of 99.9% for particles as 
small as 0.01 micron in size and for various gaseous 
species, Including dloxins/furans, wlilch could also assure 
capture of toxins and dry virus particles. The latter remain 
suspended in air long after evaporation of water from the 
droplets In which they were originally dispersed and may 
thus present a persistent not readily notlceabie hazard. 
Therefore, an ability to collect dry virus particles should 
greatly enhance the effectiveness of biological agent de- 
tection systems^ 

pQQ^ [OOOOl lnertiai separation devices, including the PHTLAAS, 
operate on altogether different principles than EP and 
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consequently have different physical structures. Whereas 
the airflow within the recent PHTLAAS is highly turbulent 
and swirling rapidly, so as to innpel particles towards the 
container wall by centripetal action, the flow in EP devices 
is substantiaMy iaminar, so as to permit high flow rates at 
rather low pressure drops and low power consumption. 
[0010] [ooooj The major reduction In power consumption that is 
expected from the use of EP yields not only major savings 
in the size, operating costs, and equipment cost of the re- 
sulting collectors, but also smaller and lighter Instruments 
by reducing the size and weight of required batteries or 
else permits uninterrupted operation between battery re- 
piacements for longer time periods, thereby further In- 
creasing the utility of portable collectors. 
SuMWABY OF Invention 

[0011] [ooiOj ln spite of their altogether different and maybe 

even incompatible basic operating principles and conse- 
quent differences between inertlal and EP-based devices, 
it Is an object of the present Invention to provide PHT- 
LAAS~EP apparatus and methods yieiding improvements 
that would not be expected from either of these technolo- 
gies alone. 

[0012] [00 11] It is an object of this invention to incorporate EP 
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within the present PHTLAAS configuration with reSativeiy 
minor modifications. 
[00131 [0012] tt Is another object to effectuate modifications that 
permit an EP-activated PHTLAAS to operate either as a 
continuous wet precipitator or as an alternating intermit- 
tent dry and wet precipitation device so as to result in a 
transfer of precipitated particles into a small volume of 
collection fluid. 

100141 [00 13] It is an overall objective of the present Invention to 
provide new aerosol collector devices which maximize the 
quantity of aerosol collected in the size range of 1-10 mi- 
crons while also reducing overall equipment size, weight, 
cost and power requirements. 

[0015] [00 14] It is an object of the invention to provide an EP- 
based aerosol collection system sampling air at a high 
rate, e.g., >500 i/min, and capturing particles throughout 
the size range of 1-10 microns at a collection efficiency of 
>80%, 

[001 6j [00 15] It is a further object of the invention to increase the 
collection efficiency and air sampling rate while reducing 
the power requirements and volume of the collection 
medium [water or an aqueous solution]. 

[0017] [ooiej Other objects of our invention are to provide an 
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electrofitcaliy programmable tnterface between a coitector 
and a detector, so as to yield an automated or quasi- 
automated collection-detection system, to reduce the size 
and weight of the overall system, and to further enhance 
the system's sensitivity by further increasing its collection 
efficiency and air sampling rate. 

[00183 [00 17] More objects of the invention will become apparent 
to professionals in the chemical and biological defense, 
law enforcement, health monitoring, disease control, In- 
dustrial safety and hygiene, environmental, chemical, 
metallurgical, and related areas following perusal of the 
complete specification. 

[0019] [ooifi jBriefiy, the invention consists of effectuating modi- 
fications in the basic configuration of the PHTLAAS of 
Patent No. 6,565,811 so as to convert it into an EP-based 
air sampler. These modifications consist of replacing the 
glass sampling tube of the PHTLAAS by an electrically 
conductive collector electrode tube, inserting a wire- or 
rod-shaped high-voltage discharge electrode co-axially 
with the collector electrode, and modifying the air intake 
so that it is designed and disposed to yield a high air flow 
through the sampler at a low pressure drop and low 
power consumption. Upon turning on the power, sampled 
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air is now drawn in through the modtfied intake and 
caused to flow upward through the coHector tube. Also 
drawn in through that intake is a fine mist of water 
dropiets preferably generated by an ultrasonic humidifier 
yielding a liquid fifm on the inner surface of the collector 
electrode for either maintaining continuous full coHector 
electrode wetting in a wet EP system [WEP] or for removal 
of captured particles from the collector wall at appropriate 
intervals in a dry EP system, such removal being aided by 
ultrasonic waves transmitted through the collector tube. 
Brief Description of Drawinos 

[0020] [0010] The invention is best explained with reference to 
the drawings, in which: 

[0021] [0020] Figure 1 is a view of the recent PHTIAAS mainiy in 
vertical cross-section and partly in elevation; 

[0022] [0031] Figure 2 Is a schematic block diagram of a PHT- 
LAAS~EP system; and 

[0023] [ooaaj Figure 3 is a cross-sectional view of a discharge 
electrode inserted along the axis of the collector elec- 
trode. 
Detailed Description 

[0024] 40^a*]Since inertial separation and EP operate on different 
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physical principles, the two approaches would not be ex- 
pected to share many common features. Nevertheless, the 
collector electrode in a CYHndrlca! EP system bears a phys- 
ical resemblance to the glass sampling tube of the recent 
PHTLAAS, and the !atter"s liquid wash-down and collec- 
tion scheme is directly applicable to EP. 
[0025] [002 4 ] Rg. 1 shows the main components of a recent PHT- 
LAAS, which include a slanted air intake 15 forming an In- 
tegral part of a liquid supply and collection compart- 
mentXB, a flanged glass air sampling tube 21, an upper 
expansion chamber 23 leading to an air exhaust compart- 
ment 25, which includes a centrifugal blower 22 driven by 
a motor 24 and an air outlet opening 26 capped by a flow 
deflecting elbow 27. in operation, with blower 22 turned 
on, sampled air is drawn through Inlet 15 into a lower 
cylindrical chamber 20 and thence through the sampling 
tube 21 and upper expansion chamber 23 Into blower 22, 
whence it is expelled through opening 26 and elbow 27. 
Part of the air entering the lower chamber 20 impinges 
upon a collection liquid 12 at a funnel-shaped bottom of 
that chamber, thereby generating a mist of entrained 
droplets which form a liquid film over the inner surface of 
sampling tube 21. 
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;0026i ...f^gg^An oytlet riippfe 14 at the bottorrt of corripartmefit 

13, usually closed off, permits drainage or withdrawal of 
Golkction liquid 12 Into a bottle, syringe or other storage 
container or appropriate chsniicaf or biologicai sensor de- 
vice, 

;do27] 4§§i^The modlfscatlons m the recent PHTLAAS eonfigura- 
tlon that vwould be required to yield an EP-attivated de- 
vice, referred to hereafter as PHTLAAS-EP, are indicated 
schematically In Fig, 2^ 

^^m: lli&amN aSfe^s^ «ss«s»«^^ sSsitop 
fi«sw Mfe wiis 8, nssgja-t&l p^^s^ #8^, 



pomi [0oae] As in the recent FHTUVAS* a mist that is carried up 
with the sampleci air stream deposits on the inner syrfeci 



Application/Control Number: 10/710,838 
Art Unit: 1797 



Page 1 4 



of the collector electrode 7 and forms a wetted film 
thereon. However, coHectlon of smai! aerosol particles is 
effected by corona discharge from the central electrode 7 
generating ionized particles which are driven towards col- 
lector electrode 5 by an electric field. 
[0030] "f@@if^For this scheme to work optimally, the foilowing 
factors need to be ascertatned: 1) Controiiabls Mist For- 
mation, To prevent collection losses due to captured par- 
ticles adhering to the collector electrode. It Is essential 
that the entire inner surface of the tubular electrode be 
covered by a liquid film at least 25 mkrons thick. This can 
be best assured by having liquid dripping from the top 
down a roughened [sandblasted] stainless steel surface 
and supplemented by liquid droplets that are carried up- 
ward by the sampled air* To reduce the average size of 
these droplets to only a few microns and assure an evenly 
distributed airflow through the tubular electrode, two per- 
forated baffles or screens are inserted above the air In- 
take. The baffles have openings of about i/8"and an open 
area of at least 4096 so as to generate a pressure drop of 
not more than Wof water. 
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|Q03 1 1 me perfwatooe of the WW iK&^^>^p^nt mtfjc fsfe of 
t<*l» starting iHTOtteb^^ 

evea v^ilho«t appjymga high voitags betwijeafhe coHectorafid disciaargc dfictrodes, WiihW, 
&e dropj«s gat ^;kmge& mi csni«d ssspkUy tJi© ¥«a*l. v,Ue^ spseafe Bp ije iseaiiig 
process^ 



pm2] [003l3 Tli<6 Mittasqnically generated mist offers art accept- 
able carriblnation of fine droplet size, uniformity of 
droplets cfistrlbutfon, arid rrtodest power consumption for 
tlie required humfdilicatlon rate. The Reli Dn^ IVIodel H» 
0565-0 ultrasonic humidifier was found to yJefd humidh 
fati on rates of 2.8, 3.7, and S3 ml/min for power drains 
of 12, IS, and 20 watts, respectivety. With maximum 
power requtrements of 20 watts for sonrflcation, 6 watts 
fbr electrostatic pfeclpltation* and <1Q watts for the air 
blower, the total power consynnptlon adds up to <40 
watts for an air sampling rate of > 500 fiters/minyte. 
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[0033] [003 2] However, some fine-tuntng is requtred to assure 
that the generated mist is sufficient to resuit in proper 
wetting of the collector electrode and yet not so high as to 
cause unwanted spark discharges. Such tuning cart be ef- 
fected by adjusting the power of the exhaust air biower 
and the Inter-electrode voltage and electric field distribu- 
tion. 

[00341 [0033] 2) Proper Operation of the EP Electrodes, To assure 
collection of at least 80% of particles 1-10 microns in size 
at an airflow rate of at least 500 l/min, the electrodes and 
applied voltage must be designed and adjusted so as to 
generate a sufficient corona to ionize most of the particles 
in the air stream and a sufficient electric field to deposit 
most of these particles at the collector electrode. The lat- 
ter"s length and diameter must be such as to allow an ad- 
equate residence time for most particles to reach it rather 
than be carried away with the air stream. 

[0035] [0034 ]The performance with negative and positive dis- 
charge electrode voltages can be compared with a view to 
minimizing undesirable ozone formation and spark dis- 
charges. Ozone formation, which kills bacteria and 
thereby interferes with their detection and concentration 
measurements by colony counts, can be minimized by us- 
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Ing positive rather than negative discharge electrode volt- 
ages, but this may also result in increased spark dis- 
charges unJess prevented by careful adjustment of the 
electric field. 

[0036] [003rj] 3) Operation in a Continuously Wetted Mode or an 
Alternating Intermittent Dry and Wet Mode. Operation in 
an alternating dry and wet mode cuts down on evapora- 
tion losses during the dry periods and thus reduces the 
water replenishment requirements. !t also limits the oc- 
currence of any possible power losses due to spark dis- 
charges to the relatively brief wet wash-down periods. 
However, the mode switching and its proper timing com- 
plicate the design and operation of the system and hence 
its equipment and maintenance costs. There is also a pos- 
sibility of some dried biologicai agents tending to stick to 
the collector wall and not being easily washed down dur- 
ing the wet period. Removal of the sticking particles can 
be helped by generating and transmitting ultrasonic waves 
across the interface between the collector electrode and 
the liquid film covering its inner surface. 

[00371 [QQg6| The preceding discussion outlines the basic fea- 
tures of the PHTLAAS-EP system of this Invention. 

[0038] [003y3 As mentioned above, the recent inertial-type PHT- 
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IMS comes close to meeting requlremerits for an aerosol 
coHectton system sampling air at a rate of at least 500 1/ 
rrsrn md capturing particles througlioyt the size range of 
I'-IO micrdiis at a cdllectioh efficiency of at least 80^, 
However, a major gain in energy efficiency Is achieved 
with an ER-based system by replacing the slantecl intake 
IS [Fig, 1] by a horizontal radially directed low-pres- 
syre-drop air intake 9 IFig. 2] and adjustrng the airflow 
fate tHerethrough to above 500 l/min with minimai blower 
power; replacing the glass sampling tube of the recent 
PHTIAAS by a grounded tubular collector electrode; and 
inserting an axial discharge electrode, with these elec- 
trodes cortnected to opposite terniinajs of a high-voltage 
power supply. These modifications are detailed as follows: 

100391 

M«di6catb» 1: E o provide toEP ait imk^, a imbk radiaat We. ^«ifen*j|';>i2. is mside in 
the ioT/m tMbukf coaisuner 13 oftfee IPTLAAS of Fig> 1 andasttsi^tt ti^toitii^S of She 
saate <itt*cr 4»am^ it Jnlak* ^jsEpI*cesafid^^^ 

STiajor way* mm ^ skated J3 <>f Fig. t, Intiite ? is not oaJy borizranlsi fiis in Pig. 2, bat it 
aifse *J«e^ the itirModjan^er 17f apv.'srd, so as 

far lower than mlm. wmifd be taguired t& aebievc a ci^^t^le flow mte jfaroijgfi tJje leplaced 
inM 15, 71be jsowsr, i^a, ifoHags aad <ftii*s)it, fed te the sir blower 22 of Fig, 1 can «i£^i}e 
84l'u«cd t» hJifa^ flow late^ 



Application/Control Number: 10/710,838 
Art Unit: 1797 



Page 1 9 



[0040] [OOW lModification 2: To provide the collector electrode 5 of 
Fig. 2, an electrically conductive coating or foil may be 
applied to the loner surface 23 and flange 25 of the 
flanged glass sampling tube 27 of the PHTLAAS of Fig.l. 
The conductive-coated flange of the collector electrode 
tube may be connected through a pressure contact to an 
electrically conductive washer, made of a resilient electri- 
cally conductive polymer, and hence to the ground termi- 
nal of a high-voitage power supply [not shownj. 
Af;ternatlvely, the glass sampling tube 21 with Its protec- 
tive outer tube 28 may be replaced by a thin metallic tube 
5, 

10041] '-^^^^Modificatfm 3: An accurately centered and well insu- 
lated discharge electrode 7 held by a bar 31 is inserted 
through the top of the upper chamber 19 of Ftg. 2, as 
shown in Fig. 3. 

(0042] ' [0041I TQ prevent shorting on the surface of a ceramic in- 
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sulator 30 that ts separating the positive and negative 
electrodes it is important to keep the insulator clean and 
dry, preferably in a dry chamber 32. The design shown on 
the extreme right of FSg3 serves to achieve this pyrposeM 
An air purge intet, as shown in the drawing, helps prevent 
water condensation at the high-voltage connection. 
:0O43l 4©o#gi The air sampling rate Is varied by adjusting the 

voltage across the exhaust blower, as has been done with 
the inertfal-type PHTLAAS of Fig. 1. Operatlofi at reduced 
exhaust power helps to control mist formattoh and elimi- 
nate unwanted spark discharges. The voltage between 
electrodes S and 7 Is varied by tuning an adjustable fegy- 
lated High-Voltage DC Power Supply. 

mdhim Wie C(»ie<ei&rtSia^ df;^m in the sampled air i$ (irsjttea.mrsd wich tM sM afu 
refer^msjiker and iMir vstiatipm wmin&ar ?,m'{mrtmckamber are tmmimett with m 
APS Mennhmsmic^ Pmid^f^ iea^ imermmt 



f6>6'##i 1- The lower mMt pnrtkin of the WEP mi& had a plmtic inlet 
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connected through a ^diameter pipe to the ultmsonk humidifter 
and test chamber. 1004532. Using a redesigned rotor, the 
power required to circulate air through the WEP sampler to 
and from the test chamber at a rate of 510 )/min was only 
8.4 watts [2 amps at 4.2 votts]. 
[0045] [004 Gj 3. The fo! lowing test procedure was worked out: 

[0046] i . i [004y . j ^3. ^i^ff a dehumidifier for 10 minutes to reduce the relative 
humidity within the test chamber to <25%; 

[0047] [0040] i?. Circulate the contents of the test chamber 

through a HEPA fiiter for 10 minutes to reduce the parti- 
cles count to a negligible value as measured with a TSt 
Model 33 lOAerodynamic Particle Sizer instrammt 

[0048] [00 <tO ' ] c With the fans in the test chamber turned on, in- 
ject Into the chamber about 1.2 ml of a standard suspen- 
sion of 1.0-mlcron fluorescent iatex particles through a 
nebulizer over a 5-minute period, 

[0049] [oosOj dTo start the sampling operation, prewet the wails 
of the collector electrode by running the ultrasonic hu- 
midifier at a maximum rate for 30 seconds with a low air- 
flow rate of only 120 l/min [drawing 0,74 amp at 1.17 volt 
or 0.8 watt of power] and a high-voltage power supply 
[HVP$3 setting of 7, 800± J 00 volts (drawing <0J mA or<O.S 
watt]. 
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[0050] [oODlj c. Run the sampier for 6 mtnutes at an airflow rate 
of 510 l/min [drawing 8,4 watts as above], a reduced hu- 
midifier rate, and a HVPS setting of 12,000 volts [drawing 
an average current of 0.43 mA or 5.2 watts, A reference 
filter placed near the iniet of the WEP is also set to draw 
air at the rate of 20 !/min during this 6-minute time pe- 
riod simuttaneousiy with the WEP sampler. 

t005i| iii { i Q i Q i g i ;>] f. Flush down the wails of the collector tube by re- 
setting the operating variables to those of the above step 
d,For best results, the narrofw range of 7,800±100 volts for the 
IJVPS setting should mt be exceeded. CoUect the ftrst sample after 
3,5 minutes of flushing and subsequent rinse samples at 5-mmute 
intervals, 

[0052] - { . O QiS^ ^j g. Compare the fluorescence of the test and rinse samples 
with that of the suspension obtained from the reference filter. The 
flrst results using the abcfve procedure yielded colkaion efficiency 
values of 70±4% with a total collection volume of about 80 ml A 
subsequent variation of that procedure yielded a collection effl- 
ciency of87±6% with a collection volume of only 35 ml 

[0053] [00S<lj The afore-disclosed apparatus can be used in vari- 
ous ways depending on the hazards which are to be mon- 
itored or detected. The increased flow rate and collection 
efficiency with decreased power consumption wll! yield 
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enhanced detection sensitivity and tesser weight of the re- 
sulting EP~based devices. The reported abtfity of wet EP 
systems to collect particles as smail as 0.01 micron, and 
many gaseous species, such as dioxins/furans, at an effi- 
ciency of 99.9% will extend the demand for such devices 
even further by making them also appiicabJe to the cap- 
ture and detection of toxins and dry virus particles. 

t0054| [OOSSj The high airflow rates and collection efficiencies 
which are achievable with wet EP technology not only for 
particles 1-10 microns in size but also for submicron par- 
ticles render the PHTLAAS-EP applicable to ultra-sensitive 
detection of not only cellular pathogens, such as anthrax 
or tuberculosis bacilli, but also of the much smaller toxins 
and dry virus particles. The latter may pose a serious haz- 
ard following vaporization of the droplets in which they 
were originally dispersed. The capability to collect toxins 
and dry virus particles will therefore greatly strengthen 
the arsenal for defense against bioiogica! warfare agents. 

[oossj [oossj The PHTLAAS~EP could be integrated into military 
field detectors, be helpful in other government activities, 
such as Treaty Verification, Domestic Preparedness, De- 
militarization, and Homeland Defense, all of which wili 
benefit from a smaller, lighter, more effective, and more 
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energy-efficienit coliector which may capture not onfy sin- 
gie-cell pathogens but even dry virus particles and bio- 
loglcai toxins. Civilian applications are also anticipated in 
many areas , such as medical monitoring, food packaging, 
and home inspection. 
[0056] [Qosyj in the hands of first res ponders, the PHTLAAS~EP of 
this invention in conjunction with appropriate sensing 
means should provide the earliest possible post-exposure 
indication of a biological agent [BA] threat to facilitate di- 
agnosis and treatment within the incubation period of 
most BAs, especially when used in conjunction with bio/ 
non-bio or class-based detection that will indicate where 
to sample and when to analyze samples. Furthermore, 
civilian use of the technology for standard industrial Hy- 
giene practice should aiiow monitoring of HVAC systems 
for legionnaire's disease, molds, etc. There will now be 
obvious many variations and modifications of the afore- 
disclosed embodiments to persons skilled in the art. It will 
be obvious that similar approaches can apply to the de- 
tection and monitoring of illicit drugs and many haz- 
ardous substances, e.g., comprlsirtg cadmium, zinc, 
chromium, uranium, or compounds of these metals, mis- 
cellaneous carcinogens, and other toxic contaminants, 
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that can be either absorbed directly in a suitable Mquid 
extractant or so{ubin2ed therein from coHected airborne 

particulates. Ali of these variations and modifications wlH 
remain within the scope of the invention if defined by the 
following claims: 



I 
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